The rate of protein degradation in Zea nays leaves has been estimated by using tritiated water 
techniques with conflicting results. Peterson et al. (20) reported that, in the first leaf of 6-day-old barley seedlings kept in continuous light following '4COrlabeling, the amount of RuBPCase protein and the radiospecific activity of this protein remained constant, indicating that no degradation was occurring. In continuous darkness, there was a loss of RuBPCase protein and a low level of incorporation of "CO2 into the enzyme. These workers suggest that the majority of the RuBPCase is synthesized in the light and degraded in the dark and that no turnover (i.e. concomitant synthesis and degradation) occurs. In separate experiments, Kannangara et al. (13) reported a net loss of RuBPCase protein after completion of expansion of Perilla leaves, indicating that degradation exceeds synthesis at this time. Similar findings were reported for wheat leaves (2) . In senescing leaves, RuBPCase protein is lost (9, 19) , and its synthesis is depressed (2, 4) . These findings, which report different values for the turnover or degradation of RuBPCase protein, may be due to species-specific differences, or they may reflect the different methods used for measurement.
In this paper, we describe two independent methods for studying protein degradation which avoid reutilization of labeled amino acids into newly synthesized proteins. Using labeled acetic anhydride and tritiated water to label proteins, we have measured the rate constants of degradation and half-lives of soluble protein and RuBPCase protein in Z. mays leaves. Plant growth. For the experiments comparing the half-life of protein degradation by the two different methods, Z. mays (cv. Kelvedon 33) seedlings were grown in vermiculite in continuous light at 25 C for 9 days. Seedlings were then carefully removed to 2-liter beakers containing 600 ml half-strength mineral medium (24) (20 seedlings/beaker) and grown with continuous aeration for an additional 4 days, either under continuous light or under a 14-h-light, 10-h-dark photoperiod. Respiration and photosynthesis of acetylated and control leaf sections were measured both in the light and in the dark with an 02 electrode and recorder.
MATERIALS AND METHODS
Immunoprecipitation of RuBPCase Holoenzyme. Antibodies were raised against spinach RuBPCase (purified as described by Wishniak and Lane [27] ) in two female white New Zealand rabbits by subcutaneous injection of 5 mg/rabbit in complete Freund's adjuvant with boosters of 2 mg/rabbit in incomplete Freund's at 3-or 4-week intervals. Blood was collected by ear bleeding. PROTEIN 
DEGRADATION IN ZEA MA YS
Preserum was obtained from each rabbit for controls. Sera were stored at -20 C. Antiserum precipitated corn leaf enzyme at an equivalence of 200 ,ul serum with extract containing 80 to 100 yg holoenzyme determined with pure spinach holoenzyme as a standard. RuBPCase from [3HJacetic anhydride-labeled or tritiated water-labeled leaf extracts (100 ,ul aliquots) was immunoprecipitated with 200 pi of lyophilized antiserum to RuBPCase (reconstituted as 170 mg/ml in distilled H20). The mixtures were incubated at 37 C for 1 h and then centrifuged for 10 min at 10,000g. The immunoprecipitates were washed in phosphate buffered saline (5% w/v; pH 7.3), recentrifuged, and resuspended in 1 ml 0. lN NaOH. A small aliquot (100 ,ul) was removed for measurement of protein (17) , and, by reference to a standard curve prepared by using authentic RuBPCase, the content of RuBPCase protein was determined. The remainder of the immunoprecipitated protein and of the total extract was precipitated in cold 10%1o (w/v) trichloroacetic acid, and radioactivity in the precipitates was measured by liquid scintillation spectrometry (Packard). SDS-polyacrylamide gel electrophoresis (see below) of the immunoprecipitate from [3H]acetic anhydride-labeled corn leaves showed labeled 550,000, 60,000,30,000, and 16,000 dalton proteins, corresponding to the holoenzyme, large subunit, dimer of small subunit, and small subunit of RuBPCase, respectively.
Polyacrylamide Gel Electrophoresis. TCA precipitated proteins or immunoprecipitates were dissolved in electrophoresis buffer and submitted to electrophoresis in either SDS or nondenaturing native polyacrylamide gels (23) . SDS gels (10%o polyacrylamide) were run at 2 mamp/gel (16 mm2 area) for 5 h at room temperature. Native gels (5% polyacrylamide) were run at 0.5 mamp/gel overnight at 5 C. Bromophenol blue was used to mark the front. Gels were stained in Coomassie Blue R (1% in 7.5% acetic acid, 5% methanol) and scanned at 540 nm in a Gilford model 240 recording spectrophotometer to locate the bands. They were then sliced to 1 mm in a Bio-Rad electrophoresis gel slicer (model 190 . This extract was then processed and immunoprecipitated as described above.
In Vivo Labeling with Tritiated Water. Nine-day-old maize seedlings were transferred to mineral medium containing tritiated water (0.5 mCi/ml), labeled for 3 days, and then washed in several changes of unlabeled medium for one more day. Preliminary experiments indicated that one day was sufficient to chase excess 3H20 from the leaves. Samples consisting of five leaves were taken on successive days, weighed, and frozen until required. The leaves were ground in 100 mm K-phosphate (pH 7.5); the extracts were centrifuged at l0,000g for 10 min, and the supernatants were used as a source of total soluble protein. Low molecular weight compounds were removed by passage through 12.0-x 3.5-cm columns of Sephadex G25, and the extracts were concentrated to a volume of 1.0 ml by using Aquacide (Calbiochem). Aliquots (100 ,ul) of extracts were removed for determination of total protein and for immunoprecipitation. The 2-[3H]-content of the hydrolyzed protein amino acids was determined by racemization with acetic anhydride as described by Humphrey and Davies (11) . [3H]acetic anhydride applied to the upper leaf surface penetrates across the leaf and labels all cell types as shown by light microscope autoradiography (Fig. 1) .
Antibody to Spinach RuBPCase Holoenzyme Specifically Precipitates Both Acetylated and Nonacetylated Corn Leaf Holoenzyme. Antiserum to spinach RuBPCase holoenzyme was characterized for its cross-reactivity with corn holoenzyme in leaf extracts. It was necessary to filter all leaf extracts through Sephadex G-25 gel filtration columns or Amicon filters (PM10, 10,000 mol wt exclusion limit) to remove low molecular weight compounds contributing to nonspecific precipitation of radioactivity (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) of total radioactivity precipitated).
To determine whether acetylation of RuBPCase interferes with its precipitation by antibody, partially purified corn leaf enzyme was acetylated to different extents in vitro with [3H]acetic anhydride, and the amount of protein precipitated was determined at each level of modification. Acetylation of greater than 50 residues per holoenzyme molecule, far above the in vivo level of modification, did not interfere with antibody precipitation (Fig. 2) .
Acetylated RuBPCase is Enzymically Active. To determine the effect of acetylation on enzymic activity of RuBPCase, acetylation was performed in the presence and absence of its substrate, RuBP.
Enzymic activity was assayed by "'CO2 fixation (1). control (unmodified, +RuBP) enzyme (Fig. 3) . Acetylation in the absence of RuBP resulted in approximately the same extent of acetylation (22 mol acetic anhydride per mol enzyme), but enzymic activity was much lower, 32% that of the control (unmodified, -RuBP). RuBP apparently protects a critical site, possibly the active site, of the enzyme from acetylation. The protection of RuBPCase enzymic activity by substrate levels of RuBP during modification by a lysine-reactive reagent was previously shown by Schloss and Hartman (22) using the affmity label 3-bromo-1,4-dihydroxy-2-butanone, 1,4-bisphosphate. Since the level of RuBP in the chloroplast in the light is about 0.5 mm (14) (23) . Radioactivity per mg ofTCA precipitable protein was measured daily for 6 days and is expressed as percentage of total at zero time.
the RuBPCase protein falls by about 25% in the course of the experiment, most of the loss occurring between days 4 and 6.
With each of the methods used to estimate degradation in the present study, a plot of log specific activity of 3H in protein against time should yield a straight line, the slope of which multiplied by In 10 should give the first-order rate constant of degradation, kd. The half-life (tl/2) can be calculated from the equation tl/2 = In 2/ kd. Figure 4 shows typical semilogarithmic plots for both the tritiated water (8A) and the [3H]acetic anhydride (8B) methods, the data representing soluble protein degradation in continuous light. The slopes of these lines, determined by least-squares analysis, lead to the values for kd and t1/2 in Table III which also contains data for soluble protein degradation under conditions of 14-h-light, 10-h-darkness and for RuBPCase degradation under both light regimes. (Fig. 3) and is not degraded more rapidly than nonacetylated proteins (Table  I) . This latter conclusion is substantiated by the fact that the two methods used to estimate protein degradation provide values of t1/2 which do not differ significantly for RuBPCase protein (Table  III) . In addition, t1/2 values for degradation oftotal soluble protein, as determined by both procedures, agree well (Table III) . Although in general it is believed that modified proteins are catabolized faster (8) , the extent and nature of the modification in this case appears insufficient to allow the acetylated protein to be recognized as abnormal. Also, in certain systems, N-acetylation confers stability and protection against proteolysis (12, 25) (20) reported no turnover of RuBPCase in barley leaves in the light and concluded that, although the enzyme can be both degraded and synthesized, the processes are not concomitant, degradation taking place during periods of darkness. Preliminary experiments incidate that there is incorporation of tritiated water into RuBPCase protein (i.e. synthesis) occurring over the same time period used to estimate degradation, both in continuous light and under a 14-h-light, 10-h-dark photoperiod.
Previous reports (23) We have demonstrated that [3HJacetic anhydride provides a valuable tool for the reliable measurement of protein breakdown in plants and that the tritiated water method for estimating protein degradation can be successfully applied to plants other than Lemna. We have also obtained evidence for the concomitant synthesis and degradation (i.e. turnover) of RuBPCase in leaves of Z. mays.
